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Bac kjround

At the March 1965 meeting of National Association of Corrosion Engineers

(N.A.C.E.) Technical Committee T-3L for Anodic Protection a large

number of attendees expressed an interest in participating in a round-robin

potentiostatic anodic polarization test program. Since a large amount of data

have been reported in the technical literature on the anodic behavior of nickel

in sulfuric acid solutions, it was decided that the T-3L Program should consist

of conducting a 1otentiostatic anodic polarization curve for pure nickel in

hydrogen-saturated, IN 112S04 at 25C usino the experimental technique usually

used in each participant's laboratory. Each participant was requested to submit

a potentiostatic anodic polarization curve arid supplemental data which were

to include values for: (1) corrosion potential (Ecorr), (2) cathode potential,

(3) critical current density (icr), (4) critical potential (Ecr), (5) passive

current density (ip), and (6) Tafel slopes for anodic dissolution and transpas-

sive behavior. All data were to be reported in accordance with the generalized

potentiostatic anodic polarization curve (Fiqure 1) which was tentatively

agreed upon at the March 1965 T-3L Conmittee Met inn.

Since it is well known that experimental procedujre can stronqly affect

the potentiostatic anodir polarization curve, it was anticipated that widely

different results would he reported. However, it was believed that the

completion of such a round-robin test program would permit a more meaningful

comparison of th! data reported by various investiqators and focus attention

to the need for a standardized technique for conducting potentiostatic anodic

polarization studies.
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Subsequent to tlie 1995 T-31 Committee M,,tinq, specinwens of pure nickel

(Nickel 270) were prnvided the twenty-five investinators expressing a desire

to actively participate in the round-robin test proqram. Of these twenty-

five participants, fifteen (Table I) submitted results. These data were

collected and compiled at the AFIT Corrosion Research Laboratory.



Table I

Participants in T-3L Round-Robin Test Program

Investigator Affiliation

James R. Myers Air Force Institute of Technology
Richard L. Martin Monsanto Company
Olen L. Rigqs Continental Oil Company
Howard A. Porte U. S. Naval Civil Enqiineerinq Laboratory
R. F. Steiqerwald E. I. du Pont de Ncmours & Company
Howard Vaeth Republic Steel Corporation
John 0. Hatfield TVA National Fertilizer Development Center
George [conomy & G. A. DiBari The International Nickel Company, Inc.
Edward L. Wiehe Jones & Lauqhlin Steel Corporation
G. A. Saltzman Crucible Steel Company of America
C. E. Locke Continental Oil Coepany
Monte S. Walker General Motors Technical Center
G. J. Biefer Mines lBranch of Canada
Inq. M. Prazak CSc. State Institute for Material (Czechoslovakia)
lames W. Johnson "i-versity of Missouri at Rolla

Test Material

Because of the larqe number of investioaftors expressing an interest in

participating in the T-3L test program, it was necessary to use Nickel 270 rod

(furnished by The International Nickel Company) from two different heats. Since

the test materials were produced using the same mill practice and had nearly the

same chemistry (Table II), it was not expected that this possible variable would

affect the anodic polarization curve. This was verified by tests conducted in

the AFIT Corrosion Research Laboratory (see results reported by 0. R. Myers

in Appendix A).

Table IT

Chemical Analysis of Nickel 270 Used in T-3L Round-Robin

Test Program (values expressed in weight percent)

St- CI Fe S Si i Cu Cr Co

INP-327-H 0.00? <0.001 0.0006 0.001 0.0005 40.001 0,0001 0.0004 1
NP-385-H I0.006 0.001 0.0005 Ld001 0.0007 <0.001 0.0001___0.0003



Results

Anodic polarization data were submitted hy the fifteen active participants

of the T-3L Round-Robin Test Program. Of these fifteen: (1) eleven conducted

their studies usinq a potentlostatic technique with H2 -saturated, IN H2 S04 ; (2)

two used a potentiostatic technique with N2-saturated, IN H2 S04 ; (3) one used

a potentlostatic technique with air-saturated, IN H2 S04 ; (4) one used a poter.-

tiostatic technique with IN 112 S04 containing no saturating qas; and (5) one used

a qalvanostatic technique with H 2-saturated, IN 11 2 S04 . A compilation of the

important polarization data reported by the fourteen participants using a poten-

tiostatic technique is given in Tables Ila and 1l1b. (The data sheets and

anodic polarization curves submitted bv all fifteen inve4 .iqators are included

in Appendix A.) Examination of Tables ltla and lIlh revealed that the reported

polarization data are within the following limits:

Cathode Potential -0.240 t. -0.26q Volt vs. S.C.E.
Corrosion Potential Rcnr ) -0.200 to -0.300 Volt vs. S.C.E.
Anodic Dissolution Tafe •lope 0.044 to 0.089 Volt/decade
Cr ti,'al -urr-,unt iensity (icr) 6.8 to 199 ma/cni2
Critic~i F otentiai ;1cr) -0.100 to +0.400 Vo t vs. S.C.E.
Pa!,,.ive Current Dens ty (i) 0.0022 to 0.3 ma/cm
Ear!y lranspass.;, TIfel S Yope 0.040 to 0.l185 Volt/decade
Oxy,,er Lvoluti<n 1at-l Slope 0.08 to (j.481) Volt/decade

Conclus ions

it has been estabi isned that experimental techniqiue strongly affects the

potentiostatic anodic polari7ation data for Nickel 270 in IN H2 SO4 . However,

as a result of this round-robin test program, it should he possible for the

active participants to more meaninnful1y compare future data.

Recommendations

It is reconmwended that a ss. .... c..l study be made (by an appointed committee)

of the data contained in this report to quantitatively evaluate the affect of

experimqental technique on the potentiostatic anodic polarization curve.
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Appeodix A

Data Sheets and Anodic Polarization Curves for the Fifteen

Active Participants in T-3L Round Robin Test Proqram.
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Jawes 11. yr

Corrosion R,•,erch I adoratory

Air Force 1w;titu'te (f T(chnoloqy

Wrirjht-Patterson AFI;, Ohio 45433



T-3L ROUND-ROBINI ANODIC POLARIZATION
-TESTTROGRA•---DTAA =HT

A. Specimen .......... Nickel 270 (0P-31S-il)

B. Electrolyte .......... I1004 .

C. Temperature, *C ...... 22 + 1 0C

0. Saturating Gas ....... Purified Hlydro __en

E. Specimen Preparation.... Cround tihrouqh d•0/ eimery paper, cleaned

ini boilinq bonzei(en, and rinsed in distilled water.

F. Specimen Activation Treatment..... Cathodically activated at -1.5

volts for 5 minutes.

G. Reference Electrode ..... [nLura tcd Caloii,,1 (S.C. )

H. Cathode Potential ...... . -l.?', volt vs. S.C.L.

I. Corrosion Potential..... 80 i volt vs. S.CA

J. Modic Potential Sweep Rate (if continuous)...
,-0vin active reqion, 40 mv

K. Anodic Potential Increment (if stepwise) ........ in passive and transpassive

L. Time at Each Anodic Potential (if stepwise)...3 minutes

M. Critical Current Density (icr) ..... 51 ria/cm2

N. Critical Potential (Ecr) 4...l() volt vL,. S.C.-

0. Passive Current Density (i) . 0(.0)9 ma/cm2

P. Anodic Dissolution Tafel Siupe... ( 0.050 to 0.070 volt/decade



0. Transpassive Tafel Slope(s) ..... a. tariv trar,a1wsive: (0.14() to 0.150 volt/decade
(identi fy each)

(. ,ifeh. en evolution: 0.090 to 0.100 volt/decade

R. Additional Comwents ........... Critical potential reported was

potential associated with the critical current density. Passi-

vation actually occurred over the potential range +O01O tn +(0I1io.

volt vs. S.C.[.

Name ,mn,,lc R. [•aers

Address Corrosion Resedrcn Laboratory

Air Force Institute of Technolony

Wright-Patterson AF[3, Ohio 45433



T-3L ROUND-ROB•N ANOOIC POLARIZATION
- EST ROA SHEET

A. Specimen .......... Nickel 270 (tIP-327-1)_

B. Electrolyte .......... IN H12SO4

C. Temperature, OC ...... 22 + 1 0C

D. Saturating Gas ....... Purified Hlydronen

E. Specimen Preparation.... Ground throunh 4/0 emery paper, cleaned in

hoilinri benzene, and rinsed in distilled water.

F. Specimen Activation Treatment ..... Catriodically activated at -1.5

volts for 5 minutes.

G. Reference Electrode ..... .aturated (dIlo-! SCL)

I1. Cathode Potential ....... . ;h(j volt vs. S. .L.

I. Corrosion Potential ......- 0.271 volt vs. S.C.[.

J. Anodic Potential Sweep Rate (if continuous)...
10 rv it, active reniori, 40 nv in

K. Anodic Potential Increment (if stepwise) ....... 1s,1.d 4" ,iv in t anspassive

L. Time at Each Anodic Potential (if stepwise)... 3 minutes

M. Critical Current Den-ity (icr) .....- ,7 _ _aC_ _

N. Critical Potential (Ecr) ..... +0.120 volt vs. S.CI.[

0. Passive Current Density (i) ..... 0.015 ma/cm2

P. Anodic Dissolution Tafel Slope... 0.060 to 0.o080 volt/decade _



Q. Transpassive Tafel Slope(s) ..... a. Larly tranispassive: 0.130 to 0.140 volt/decade
(identify each)

b. Oxyqen evolution: 0.080 to 0.090 volt/decade

R. Additional Comments ............. Critical potential reported was

potential associated with the critical current density. Passi-

vwtion actually occurred over the potential ranne +0.120 to +0.200

volt vs. S.C.E.

Na we Ja k,,1• ' R. Pyvcrs

Address Corrosion research Laboratorv

Air Force Institute of Technoloqy

,;ri hit-Patterson AFB, Ohio 45433
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Richard L. Martin

Monsanto Company

800 North Lindberg Boulevard

St. Louis, Missouri 63166



CURVE NO. I

T-3L ROUND-ROBIN ANODIC POLARIZATION

TEST TP~RORMDATA SET

A. Specimen .......... Nickel 270 (NP-385-H)

B. Electrolyte .......... IN H2SG4

C. Temperature, OC ...... 250C

0. Saturating Gas ....... Ultrapure Hydrogen

E. Specimen Preparation.... Polished through 0000 emery paper, washed

with soap and water, degreased with hot benzene, washed three times

with distilled water, dried at 65°C for 15 minutes and cooled to

room temperature (25"C) in desiccator.

F. Specimen Activation Treatment ..... -0.300 volt cathodic for 15

minutes.

G. Reference Electrode ..... Saturated calomel (S.C.E.)

H. Cathode Potential ....... -0.267 volt vs. S.C.E.

I. Corrosion Potential..... -0.293 volt vs. S.C.E.

J. Anodic Potential Sweep Pate (if continuous)... 0.4 volt/hour

K. Anodic Potential Increment (if stepwise) ......

L. Time at Each Anodic Potential (if stepwise)...

M. Critical Current Density (icr)..... 190.0 ma/cm2

N. Critical Potential (Ecr) ..... +0.400 volt

0. Passive Current Density (ip) ...... 0.016 ma/cm2

P. Anodic Dissolution Tafel Slope... 0.050 volt/decade

IL



O. Transpassive Tafel Slope(s) ..... 0.040 volt/decade
(identify each)

R. Additional Comments ............. Curve No. I was obtained by

traversinq at 0.40 volt/hour from-0.30 volt to +1.40 volts.

Name -Richard L. Martin

Address Monsanto Company

800 North Lindberg Boulevard

St. Louis, Missouri 63166
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CURVE NO. 2

T-3L ROUND-ROBIN ANODIC POLARIZATION
ITM"T7WTRWWB"iA SHEET "

A. Specimen .......... Nickel 270 (NP-385-H)

B. Electrolyte .......... IN H7SO4

C. Temperature, *C ...... 250C

D. Saturating Gas ....... Ultrapure Hydrogen

E. Specimen Preparation .... Polished through 0000 emery paper, -

washed with soap and water, degreased with hot benZene. washed

three times with distilled water, dried at 65% for 15 minutes

and cooled to room temperature (25*C) in desiccator.

F. Specimen Activation Treatment..... none

G. Reference Electrode ..... Sabirated calomel (S.C.E.)

II. Cathode Potential ......... 0.t67 voit vw . S.C.E.

I. Corrosion Potential ..... . 0.3(P7} volt vs. S.C.[.

J. Anodic Potential Sweep Pate (if continuous)... 0.4 volt/hour

K. Anodic Potential Increnent (if stepwise)......

L. Time at Fach Anodic 9•otential (if stppwise)...

M. Critical Currrot Density (icr) ..... 38.12 ma/cm2

N. Critical Potential (Ecr) ..... -0.040 volt

0. Passive Current Density tiP) .... 0.0022 ma/cm2

P. Anodic oissolution Tafel Slope... 0.080 volt/decade



0. Transpassive Tafel Slope(s) ..... 0.040 volt/decade
(identify each)

R. Additional Comments ............. Curve No. 2 was obtained by

traversing 0.40 volt/hour from 1.0 volt noble to -0.350 volt active.

Name _Richard L. Martin

Address Monsanto Company

800 North Lindb oulevard

St. Louis-, Missouri b3166 ....

5.
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Olen L. Riqqs

Continental Oil Company

P. 0. Drawer 1267

Ponca City, Oklahoma 74601



T-3L ROUND-ROBIN ANODIC POLARIZATION

TS'T RA •--ATA SHEET

A. Specimen .......... Nickel 270 (NP-385-H)

B. Electrolyte .......... iN H2SO4

C. Temperature, 0C ...... 250C

D. Satulrating Gas ....... H2

E. Specimen Preparation .... Machine polisned; the exposed portirt

of the specimen remained cylindrical (1/2" diameter, I" length).

A lorg (1 1/2") flat handle extended from center of top for

electrical connection. The approximate surface area was calculated

to be 10.7 cm2 .

F. Specimen Activation Treatment..... Cathodically activated at 50 ma/cm2

for •0 minutes.

G. Reference Electrode..... Saturated calomel (S.C.E.)

H. Cathode Potential ........- 0.245 + .001 volt (active)

I. Corrosion Potential ..... -0.263 + .003 volt (active)

J. Anodic Potpntial Sweep Rate (if continuous)... 20 second scan

K. Anodic Potential Increment (if stepwise) ...... 50 mv

L. Time at Each Anodic Potential (if stepwise)... 2 minutes

M. Critical Current Density (icr) ..... 60.2 ma/cm2 (scan) 29.0 ma/cm2 (stepwise)

N. Critical Potential (Ecr) ..... +0.250 volt (scan) +0.150 volt (stepwise)

0. Passive Current Density (ip) ..... 0.30 ma/cm2 (scan) 0.019 ma/cm2 (stepwise)

P. Anodic Dissolution Tafel Slope... 0.054 volt/decade



0. Transpasslve "afel Slope(s).....1. Prior to secondqdarassivation:
(identify edch)

0.107 volt/decade

2. After secondary Dassivation:

R. Additional Conwment. ............. 0.485 volt/decade

l. n m__o.iniqopafel slooes should traverc a mininmn nf 2 lai

. eca.dg.j.s=ferably 3 or 4 to rendpr thp rpparrchpr meaningfu1l

i n rfor ration•,.. .. .

.(2_jCurve submittedW obi !ed stA-iwii,

Name 0len L. Riqqs

Address Continental Oil Company

P. 0. Drawer 1267

Ponca City, Oklahoma 74601
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Howard A. Porte

Chemistry Division

U. S. Naval Civil Engineerinq Laboratory

Port H~ueneme, California 93041

,I.



T-3L ROUND-ROBIN ANODIC POLARIZATION

A. Specimen .......... Nickel 270 (NP-327-H)

B. Electrolyte .......... IN H2 SO4

C. Temperature, 0C ...... 25*C

0. Saturating Gas ....... H2

E. Specimen Preparation.... Electrode was wet-polished (demineralized

water as lubricant) with succeeding finer grades of silicon-carbide

paper through No. 400, rinsed with demineralized water and inserted

in cell.

F. Specimen Activation Treatment ..... Left in solution overnight prior

to polarization.

G. Reference Electrode ..... Saturated calomel (S.C.E.)

tH. Cathode Potential .......

I. Corrosion Potential ..... -0.263 volt vs. S.C.E.

J. Anodic Potential Sweep Pate (if continuous)... 2 volts/hour

K. Anodic Potential Increment (if ste-Owise) ......

L. Time at Each Anodic Potential (if stepwise)...

M. Critical Current Density (icr) .....

N. Critical Potential (Ecr) .....

0. Passive Currint Density (ip) ......

P. Anodic Dissolution Tafel Slope...



0. Transpassive TafeI Slope(s) .....
(identify each)

R. Additional Comments ............. Polarization was conducted from

corrosion potential in noble direction. After the transpassive

region was reached, the potential sweep was reversed and polariza-

tion w6s conducted in the active direction.

Name Howard A. Porte

AddressChemistry Division

U. S. Naval Civil Engineering Laboratory

Port Hueneme, California 93041
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R. F. Steigerwald

Engineering Materials Laboratory

L. 1. du Pont de Nemnours & Co.

Experinmntal Station

Wilmington, Delaware 19898



T-3L ROUND-ROBIN ANODIC POLARIZATION
TnT-T• RA •--'DA'TA ShEET

A. Specimen .......... Nickel 270 (NP-385-H)

B. Electrolyte. .......... . IN H2S04

C. Temperature, OC ...... 26*C

0. Satuirating Gas ........ .t2

E. Specimen Preparation.... Ground on 400 qrit emery; rinsed;

etched in 10 parts formic acid - 10 parts hydrogen peroxide

(30%) - 80 parts water at 80°C for 2 minutes; rinsed in distilled

water.

F. Specimen Activation Treatment..... -1 min at -0.6 volt vs. S.C.E.

G. Reference Electrode ..... Saturated Calomel (S.C.E.)

H. Cathode Potential ....... E = -0.2630 volt vs. S.C.E.

I. Corrosion Pot-,ntial ..... -0.2615 volt vs. S.C.E.

J. Anodic Potential Sweep Pate (if continuous)...

K. Anodic Potential Increment (if stepwise)...... Variable.

L. Time at Facsi Anodic Potential (if stepwise)... "hsteady-state" or 5 min.

M. Critical Current Density (i-r) ..... 8.37 ma/cm2

14, Critical Potential (E ) .... -0.05 volt vs. S.C.E.

,f•n ,,n , ty rIp .. . ........ .c. .asiv CU I,% I % P ;~l~ 0. i0g5 m, -2c

P. Anodic Dissolution Tafel Slope... 0.05 vOlt/decade



Q. Transpassive Tafel Slope(s) ..... 0.14 volt/decade
(identify each)

R. Additional Comments .............

Name R.F. Ste.oerwald

Address EnQineering Materials Laboratory

E. I. du Pont dg- NpenurS & Co

EXDerinmntal Statian

-Wilmington. W•PlAwAr iqqRQ

IL
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Howard Vaeth

Republic Steel Corporation

Research Certer

6801 Brecksville Road

Independence, Ohio 44131



T-3L ROUND-ROBIN ANODIC POLARIZATION
TEST -P-R-O- -- AA SHEET

A. Specimen .......... Nirkel 270 (NP-327-Hi)

B. Electrolyte ..........

C. Temperature, "C ...... 24 + I OC

D. Satujrating Gas ....... ... Hydrogen

E. Specimen Preparation .... Cross section of sample mounted in olastic

jQuickmount) and polished metal oIraohical 1v. finisning with 0.05

micron alumina.

F. Specimen Activation Treatment..... One hour aqe in electrolyte

followed by one minute at -0.500 volt followed by a one minute

period after which the polarization run was started.

G. Reference Electrode ..... Saturated Calomel (S.C.E.)

H. Cathode Potential .......

I. Corrosion Potential ..... -0.260 volt vs. S.C.E.

J. Anodic Potential Sweep Rate (if continuous)...

K. Anodic Potential Increment (if stepwise) ...... 20 my

L. Time at Each Anodic Potential (if stepwise)... 2 minutes

M. Critical Current Density (icr)...... 140 ma/cm2

N. Critical Potential (Ecr) ..... 0.3 volt vs. S.C.E. See reverse side

0. Passive Current Density (i). 19.8 u a/sq cm

P. Anodic Dissolution Tafel Slope... 0.089 volt/decade



9. Transpassive Tafel Slope(s) ..... 0.182 volt/decade
(identify each)

This is before the transpassive

inflection.

R. Additional Comments .............

1. Critical Potential. No distinct "nose" was observed. Rather a

-- . range ofpotentials over which the current remained at a onn-

stant maximum value was observed. The aDoroxiMate middle of this

potential range is at 0.3 volt and is the value reported on the

reverse side. The current density through this range is taken

as the critical current density.

2. General. Four runs were made using four cross sections cut from

the original sample.

Name Howard Vaeth

Address Republic Steel Corporation

Research Center

6801 Brecksville Road

Independence, OhiE 44131
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John D. hatfield

Fundamental Research Branch

TVA National Fertilizer Development Center

Muscle Shoals, Alabama 35660



T-3L ROUND-ROBIN ANODIC POLARIZATION
TET PROGAATA SET

A. Specimen .......... Nickel 270 (NP-327-H1_

B. Electrolyte .......... 1.ON H2SO4

C Temperature, *C ...... 25.0 OC

0. Saturating Gas ....... Hydrogen

E. Specimen Preparation .... Ground with Nos. 2, 1, 0, 210, 3/0 and 4/0

emery paper in kerosene. Washed at 25 Or in acetone. Dried 20 minutes

at 60 OC and desiccated overniqht at room temperature.

F. Specimen Activation Treatment ..... Cathodized in iN H2 SO4 immediately

prior to measurements at approximately I ampere for 5 minutes.

G. Reference Electrode ..... Saturated calomel (S.C.E.)

HI. Cathode Potential ....... Initially -0.262 volt vs. S.C.E.

I. Corrosion Potential-- -0.265 volt vs. S.C.E.

J. Anodic Potontial Sweep Rate (if continuous)... 2.50 mv/min

K. Anodic Potential Increment (if stepwise) ......

L. Time at Each Anodic Potential (if stepwise)...

M. Critical Current Density (icr) ..... 27 ma/cm2

N. Critical Potential (E -0.025 volt vs. S.C.E.
N. riica (cr)---

0. Passive Current Density (in) 0.05 to 0.18 ma/cm2

P. Anodic Dissolution Tafel Slope... 0.06 volt/decade



0). Transpassive Tafel Slope(s) ..... No oxyqen evolution: 0.17 volt/decade
(identify each) With oxyqen evolution: 0.37 volt/decade

R. Additional Comments ............. The attached curve is a composite of

two runs. Althouqh anodic dissolution and transpassive dissolution

slopes, as well as passivation currents of each run, were essentially

identical, the first specimen (not subjected to an activation treat-

ment) failed to passivate until a current density of 150 ma/cm2 at a

potential of +0.32 volt vs. SCE had been attained.

Name John D. Hatfield

Address Fundamental Research Branch

TVA National Fertilizer Development Center

Muscle Shoals, Alabama 35660
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T1- iL IRIOJND-ROMI N ANJIl) C POLARIZATION
U-T -9064A-1i VATA Hi-ETT--

A. Specimen .......... Nickel 270 (',P-385-1;)

B. E lectrolyte .......... _ .... 0.O005_; __S_)4

C. Temperature, 'C ...... 25 + 0.5 °C

10. Silrtnqra vdrwicii (,;ooxo Purlified)D. Satutrating Gas ....... v rol l(,;. O Pu i ed

E. Specimen Preparation.... 1 xios,;(! ,wrface qiven mirror polisn.

F. Specimen Activation Treatment ..... t.'r',,((i o io 1 n ice f)rjf, ri nsed i n

,li< . ii lr, ,, , .r ( in t o I n itrir-acc tiC aciI -,,oIition, rinsed

,I. ft rvnce ilpctroue ..... _ _ __"_.....__

it. Citnnode P o nt i al . . .

i. Corrosinn Potential . .- " t V

J. Anodic Potertial sweep Pate (if continuous)...

K. Anodiic Pot,,ntiai inc rement •if StErPise) ...... . .. ,idr

L. T7in at E ,ch Anodic Potential (if stepwise)... ", t'" to 1c lours

M. Critical Currrnt Density kicr) ..... _ __: _C_....

N. Critical PoteIntial (Ecr ...... V- ' .C

0. Passlve Cu.rrei'nt Cnsity (ir).....___...._"C__--

. A~nodic: Dissolution Tale) Slope ... .' ,• t;:•,,,,



0. Transpassive Tafel Slope(s) ... .14 i)vo It/ Ile ca ,,
(identify each)

R. Additional Commnents ............. Lcr "0' ý(l be +fl.fl8ý volt vs. S.C.L.

if takc. at 1cr,

Address" ___I! w --iiirf-i LuiiL 0o~rato

I o',: , ' ,diy n I c.

'r Jf o Yr ?.
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Fdward I . Wir'ht'

I1 A L rirahdm ROeserch L-aboratory

900 Aqnnw Road

Pittsburnh, Pennsylvania 15?27



T-3L ROUND-ROBIN ANODIC POLARIZATION
---.. TnT-F-O-T G R ,-i -WA' SHEET

A. Specimen .......... Nickel 270 (N_-385-H)

B. Electrolyte .......... I. H2SO4

C. Temperature, 'T.......Start 230 C Finish 24 0C

0, Sawrting Gas ....... H2

E. Specimen Preparation ... Finished wijth 120(qrit paper andi then

deqreased in an ultrasonic cleaner.

F. Specimen Activation Treatment ..... Electrode immersed overnigh.tin

H? - saturated cll prior to polarizatior studies.

G. Reference l ictrode ..... Saturated Calomel {S.C.E.)
-. 264b volt vs. S.C.E. (start);

IH. Cathode Potential .......-.. 2640 volt uS.C.F. (finiSh4,

I. Corrosion P,)tential ..... -. 2000 volt vs. S.C.E. (timed~e enent).

J. Anodic Potpntial Sweep Rate (if continuous)...

K. Anodic Potential Increment (if stepwise)......25 mv to icr then 50wv

L. Time at Each Anodic Potential (if stepwise)...5 minutes

M. Critical Cur, .nt Density (icr) ..... 140,000 i, amp/cm2

ii. Critical Potential (Ecr) ..... -. 05,10 volt

0. Passive Current Density (i) ...... 3 u amp/cm2

P. Anodic Dissolution Tafel Slope... not determined



0. Transpassive Tafzl Slope(s) ..... Not determined.
(identify each)

R. Additional Comments .............

Name Edward L. Wiehe

Address ) & L Graham Research Laboratory

900 Aanew Road

Pittsburah, Pennsylvania 15227



frTilTlT -] Jl VII I T I I III;I II I 1 111111 1 1 1 11iIII I 1 1 W il I

Lii

w-Jo

0

0

c~J0 0CD
Zw o f Z-

N~

o (o
4-)

wz

OD0 >

+

0

> 4-'

L-_ S-

00f

0 I

04 C

LLL~~~~iIILLEL~~~~ C.11J.JLLL ii iiiiii

~W~/W 'AISN3 1N3fl~<



G. A. Saltzman

Crucible Steel Co. of America

Central Research Laboratory

234 Atwood Street

Pittsburgh, Pennsylvania 15213



T-3L ROUND-ROBIN ANODIC POLARIZATION
T'TFRRAM DATA SHEET

A. Specimen .......... Nickel 270 (NP-327-HJ)I

B. Electrolyte .......... 11T H SO4

C. Temperature, 0C ...... 25 t 10_C

0. Saturating Gas ....... H2

E. Specimen Preparation.... Surface abraded with 500 _qri t silicon cajr_

bide paper, scrubbed with an alkaline cleaner, decIreased in hot

chloroform, rinsed with distilled water.

F. Specimen Pztivation Treatment..... Pre-exposure to test solution

for I hour prior to beqinning potentiostatic polarization.

G. Reference [loctrode ..... Saturated Calomel

H1. Cathode Potential ....... -0.259 volt vs. S.C.E.

I. Corrosion Potential ..... -0.272 volt vs. S.C.E.

J. Anodic Potpntial Sweep Pate (if continuous)... 0.64 volt/hour

K. Anodic Potential Increment (if stepwise) ......

L. Time at Fach Anodic Potential (if stepwise)...

M. Critical Curre, t Density (icr) ..... 7.75 x 104 1, a/cm2

N. Critical Potential (E r 0.055 volt vs. S.C.E.

0. Passive Current nensity (ij)..... 3 w a/cm2 (minimum)

P. Anodic Dissolution Tafel Slope... 0.063 volt/decade



Q. Transpassive Tafel Slope(s) ..... Not determined
(identify each)

R. Additional Comments .............

Name G.A. Saltzman

Address Crucible Steel Co. of America

Central Research Laboratory

234 Atwood Street

Pittsburqjh, Pennsylvania 15213
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C. E. Locke

Anotrol Division

Continental Oil Company

P. 0. Drawer 1267

Ponca City, nklahoria 74601,



T-3L ROUND-ROBIN ANODIC POLARIZATION
. -- TE-!-T PR---0GR-M----ATA SHEET

A. Specimen .......... Nickel 270 (NP-385-H)

B. Electrolyte .......... 1N H2 SO4

C. Temperature, C.........25 
0C

0. Saturating Gas ........ None

E. Specimen Preparation.... Abraded on a disc sander (medium arit)

followed by silicon carbide sandinq disc. Washed with H2 0, acetone,

and dried.

F. Specimen Activation Treatment.,,,, Cattnodicaily activited at 15 ma/in 2

for three minutes in test solution.

G. Rpfer",nce i Ipctruoe. Saturatti ('a l lectrode (S.C .EI t____....

H. Cathode Potential ....... .4-0 my (active) vt. S.C.F.

I. Corrosion Pote ntia .....a-21 my (active) vs SC.r.

J. An odic PotnntiaI Sweep Paate if con tin iinus)

K. Anudi - Potntis, l i ncre '. nt if stepwise) ......v - r v

L. Timwe at Fact) Anodic Potent1a• {if stepwise) . mrnute

M. Critical Curriyrit Densit' (ir . . a/n

I,. Critical Pntrntiai (I ) - i .v (active)

0. Passive Curr vnt 1-*onsity (ia) ... ._'_____,l__

P. Ariod(i Dist.oittion Tafel Sl--e... 0rývfdv!jecade



0. Transpassive Tafel Slope(s) ..... 140 mv/docade
(identify cacn)

R. Additional Comments .............

Auor -es s ATIOtrIr Ii vic nn

0V. .7rar



Monte S. Walker

General Motors Technical Center

12 Mile and Mound Roads

Warren, Michigan 48090



T-3L ROUND-ROBIN ANODIC PO'ARIZATION

Tn•ET-1RR1M DATA-S-HEET-

SLOW SWEEP RATE

A. Specimen .......... Nickel 270 (NP-385-H)

B. Electrolyte .......... IN H2SO4

C. Temperature, OC ...... 250C

P. Saturating Gas ....... Nitrogen

E. Specimen Preparation.... The specimen was polished with emery

paper, finishinq with a 0000 grade. It was then stored in a

desiccator. Just prior to use, it was repolished with 0000 emery

paper and rinsed in alcohol and distilled water.

F. Specimen Activation Treatment..... Catnodically activated at -1.85 volt

for 5 minutes.

G. Roference Electrode ..... Saturated calomel (S.C.E.)

H. Cathode Potential .......

I. Corrosion Potential ..... -0.22 volt vs. S.C.E.

J. Anodic Potnntial Sweep Rate (if continuous)... 1/3 volt hour

K. Anodic Potpntial Increment (if stepwise) ......

L. Time at Each Anodic Potential (if stepwise)...

M. Critical Current Density (icr) ..... 24 ma/cm2

N. Critical Potential ([cr) ..... +0.11 volt vs. S.C.E.

0. Passive Current Density (i). 0.02 to 0.2 ma/cm2

P. Anodic Dissolution Tafel Slope... 0.050 volt/decade



•. rr• , . Vfivf' IIfr 1 o •p( ).... 0.185 vol t/decade
(1,1011 t Iy -,1C0 )

R. Additional Comments .............

(1) The electrolyte was mechanically stirred at the rate of

250 rpm.

(2) Initially, the test specimen was prepared usinq the full

1/2-inch bar of Inconel 270. This specimen would not passivate.

Preferential attack of the outer edqe of the specimen occurred

during a controlled potential sweep. By machining the specimen

down to 0.50 cm2 , the edge suffering preferential attack was

eliminated.

Name _Monte S. Walker

Address General Motors Technical Center

12 Mile and Mound Roads

Warren, Michigan 48090



T-3L ROUND-ROBIN ANODIC POLARIZATION

.TET POGR A--i-ATAT SHEET

FAST SWEEP RATE

A. Specimen .......... Nickel 270 (NP-385-H)

B. Electrolyte .......... IN H2 SO4

C. Temperature, 0C...... 25°C

D. Saturating Gas ....... Nitrogen

E. Specimen Preparation.... The specimen was polished with emery

paper, finishinq with 0000 qrade. It was then stored in a

desiccator. Just prior to use, it was repolished with 0000

emery paper and rinsed in alcohol and distilled water.

F. Specimen Activaticn Treatment ..... Cathodically activated at -1.85

volt for 5 minutes

G. Reference Electrode ..... Saturated calomel (S.C.E.)

I. Cathode Potential .......

I. Corrosion Potential ..... -0.22 volt vs. S.C.E.

J. Anodic Potential Sweep Rate (if continuous)... 30 volts/hour'

K. Anodic Potential Increment (if stepwise)......

L. Time at Each Anodic Potential (if stepwise)...

M. Critical Current Density (icr) ..... 18 ma/cm2

N. Critical Potential (Ecr)..... -0.05 volt vs. S.C.E.

0. Passive Current Density (ip) ..... I ma/cm2

P. Anodic Dissolution Tafel Slope... Not linear



Q. Transpassive Tafel Slope(s)..... Not linear
(identify each)

R. Additional Comments .............
tji) Thf' electrolyte was r ch.inic•l]i stirred at the rtQQfrb•5Qlr .

(2) At the fast scan rate volt/hour)., the second current maxi-

mum does not have time to develop.

Name Monte S. Walker

AddressGeneral Motors Technical Center

12 Mile and Mound Roads

Warren, Michigan 48090



G. J. Biefer

Corrosion Section

Phyticel Metallur--y Division

Mines Branch of Canada

568 Booth Street

Ottawa, Ont, Canada



T-3L ROUND-ROBIN ANODIC POLARIZATION
TET-6RA-GR DATA-S-HET

A. Seickel 270 jNP"32i-H)

B. Electrolyte .......... IN H2 SO4

C. Temperature, *C ...... 23.5 0C

D. Saturating Gas ....... Purified Nitrogen

E. Specimen Preparation .... Surface-ground by hand on 120 grit silicon

carbide paper under water cooling, rinsed in water, cleaned in

ultrasonically agitated carbon tetrachloride, then alcohol. then

dried in a blast of hot air.

F. Specimen Activation Treatment ..... Specimen immersed in test solution

(1.6 litrps) fnr 1 hr-,r prior t" r :, ..... .

G. Reference Electrode ..... Saturated Calomel (S.C.E.)

H, Cathode Potential .......

I. Corrosion Petrntial ..... -280 mv vs S.C.E.

J. Anodic Potentiai Sweep Rate (if continuous)... 7 volts/hour

K. Anodic Potential increment (if stepwise) ......

L. Time at Each Anodic Potential (if stepwise)...

M. Critical Current Density (icr) ..... 6.8 ma/cm2

N. Critical Potlential (Ecr) ..... +185 mv vs S.C.E.

0. Passive Current Density (ip) ..... 32 , a/cm2 (minimum)

P. Anodic Dissolution Tafel Slope... .054 volt/decade(Irom - U.Z ma/cm7 to 2 mr/c-•m )



S rarispasivp T'I f Slope(s). ii mvydecade (from - 0.2 md/cm 2 _Q
( i 0nlti fy ,ach)

- 2 ma/cm2 )

R. Additional Comments ............. HZ- purifier at present under repair.

N2 has been used in the past, at this laboratory, for this kind of run.

NaI*e G. J. Biefer

Address Corrosion Section

Physical Metallurqy Division

Mines Branch of Cdnada

51. S ootti Street

Ottawa, Ont, Canada
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Ing. M. Prazaik CSc.

State lwstitute for 7Materi al

Protection Research,

Pranup 7

C,ýechoslovaija

IL



Inq M. Prazak CSc.

State Institute for Material

Protection Research,

Praque 7

Czechoslovakia



T-3L ROUND-ROBIN ANVODIC POLARIZATION
. T-T--RO-GRAM DATA A.-=H

A. Specimen .......... Nickel 270 (NP-327-10

B. Electrolyte.......... iN HSOd

C. Temperature, OC ...... 200C

Li Saturating ras ....... Air

E. Specimen Preparation .... Mechanically polished, followed by

renistration of the curve 2 times from -0.6 to +1.6 volts vs, S.C.E.

(i.e., electrochemically et.,eu )efore final re-istration; final

registration = Curve Nc,. 3.

F. Specimen Act-vation Treatnent..... at -0.6 volt (see above)

G. Reference Electrede ..... Saturated calomel (S.C.E.) with satd. NH4NOI junction

H. Cathode Potential .......

I. Corrosion Potential.....

J. Anodic Potential Sweep Rate (if continuous)... +0.010 volt/sec.

K. Anodic Potential Increment (if stepwise) ......

L. Time at Each Anodic Potential (if stepwise)...__

M. Critical Current Density (icr) .... 14.5 ma/cm2

N. Critical Potential (Ecr)... -0.041 volt vs. S.C.E.

0. Passive Current Density (i,.) ..... cannot be determined

P. Anodic Dissolution Tafel Slope...



0. Transpassive Tafel Slope(s) .....
(identify each)

R. Additional Comments .............

N,-Mp Inq. '1. P-azik CSc.

Address State Institute. for Material

Protection Research,

Praque 7

Czechoslovakia
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James W. Johnson

Department of Chemical [Inqineering

University of Missouri at Rolla

Rolla, Missouri 65401



T-3L ROUND-ROBIN ANODIC POLARIZATION

A. Specimen .......... Nickel 270 (NP-385-H)

B. Electrolyte .......... IN 112S04

C. Temperature, *C ...... 250C

D. Saturating Gas ....... H2

E. Specimen Preparation.... Mounted in Teflon holder, stmothed with

belt sander (wet), final polished with No. 600 qrit wet hand grinder.

F- Specimen Activation Treatment ..... Etched 30 seconos in iN H2 S04

G. Reference Electrode ..... Mercurous sulfate (IN H2S1O4)

H. Cathode Potential ....... -0.011 volt (rest pot. of Ni)

I. Corrosion Potential ..... <0.087 volt

J.1 Anodic Potential Sweep Rate (if continuous)...

K. Anodic Potential Increment (if stepwise)......qalvanostatic measurement

L. Time at Each Anodic Potential (if stepwise) ... hour

M. Critical Current Density (icr) ..... 4 to 5 ma/cm2

N. Critical Potential (Ecr) .... 0.2 volt (NHS)

0. Passive Current Density (ip)..... Not determined

P. Anodic Dissolution Tafel Slope.. 0.062 volt/decade



Q. Transpassive TadeI SIopr. Ist: about 0.120 volt/decJe
(identify cach)

R. Additional Comments ............. Experiments were made

qalvanostaticaity, so that "active-to-eassive" andr

"passive" region could not be determined.

Name James W. Johnson

•ddress Department of Chemical Engineering

University of Missouri at Rolla

Rolla, Missouri 65401
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